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DESCRIPTION 
POWER SOURCE DEVICE FOR WORKING MACHINE 

TECHNICAL FIELD 

The present invention relates to a power source device 
for a hybrid working machine using cui engine power and an 
electric power. 
BACKGROUND ART 

There is well known a hybrid working machine e.g. a 
power shovel using a parallel driving system (see Japanese 
Unexamined Patent Publication No. 10-42587). 

In the parallel driving system, a hydraulic pximp, and a 
power machine functioning as a generator and ein electric motor 
are connected in parallel to an engine serving as a common 
power source. The hydraulic pump drives a hydraulic actuator, 
while the power machine functions as a generator to store power 
in a power storage device. Also, the power discharged from the 
power storage device, when needed, allows the power machine to 
function as a motor for assistance of the engine. 

As the power machine, there may be used a single machine 
which functions both as a generator and an electric motor, or 
individual machines, one of which is a generator and the other 
is an electric motor. 

The hybrid working machines enable to reduce a load of 
the engine cuid to drive the engine in a high perf ormcuice range 
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so as to realize energy- saving. 

DISCLOSURE OF THE INVENTICM 

The conventional art has the following drawbacks. 

Charge and discharge characteristics of an electric 
power storage device Including a battery (secondary cell) 
such as a lithium Ion cell, and a capacitor (electric dual 
layer capacitor) depend on the charge amount of the power 
storage device. A reduced charge amount of the power storage 
device Increases Its maximum chargeable power and decreases 
Its maximum dischargeable power. 

According to the conventional art, power distribution 
of the engine and the power storage device Is determined 
Irrespective of the charge amount of the power storage device. 
This may cause, under a certain load condition, an 
excessively small power generation, or an excessively large 
power generation over the performance of the power storage 
device . 

The result may obstruct effective use of the 
performance of the power storage device, and degrade the 
power storage device. 

In view of the above, an object of the Invention Is to 
provide a power source device, for a working machine, capable 
of determining power distribution of an engine and a power 
machine In accordance with a charge amount of a power storage 
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device to maintain the charge amount of the power storage 
device In an adequate range. 

The Invention Is directed to the following arrangement 
to solve the above drawbacks. 

Specifically, the Invention Is directed to a power 
source device, for working machines, comprising a hydraulic 
pump for driving a hydraulic actuator; a power machine 
functioning as a generator and an electric motor; an engine 
which serves as a common power source of the hydraulic pump and 
the power machine, the hydraulic pump and the power machine 
being connected in parallel to the engine; and an electric 
power storage device for storing a power thereof by the 
generator function of the power machine, the power machine 
being driven by a discharge power of the power storage device 
to perform the motor function, and the power source device 
further comprises: 

(A) required actuator power detecting means for 
detecting a power required by the hydraulic actuator; 

(B) charge cimount detecting means for detecting a 
charge amount of the power storage device; 

(C) power storage device power setting means for 
setting a charge power cuid the discheurge power of the power 
storage device in accordance with a change in the charge 
amount of the power storage device so as to maintain the 
charge amount of the power storage device In a predetermined 
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range; 

(D) engine power setting means for setting a power of 
the engine in accordance with the charge amoiint of the power 
storage device; 

(E) power distributing means for determining power 
distribution between the engine and the power machine based 
on the required actuator power, the charge power and the 
discharge power of the power storage device set by the power 
storage device power setting means, and the power of the 
engine set by the engine power setting means; and 

(F) power machine controlling means for controlling 
the power of the power machine based on the power 
distribution determined by the power distributing means. 

According to the invention, the charge power and the 
discharge power of the power storage device, and the power of 
the engine are set in accordance with the charge amount of 
the power storage device. Specifically, as the charge amount 
reduces, the charge power is increased, and the discharge 
power is decreased, while the engine power is increased. Then, 
the power distribution between the engine and the power 
machine is performed based on the charge power, the discharge 
power, the engine power, cind the required actuator power. 
This allows for maintaining the charge amount of the power 
storage device in a predetermined range, i.e. a range capable 
of securing effective use of the perf ormcince of the power 
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storage device, and preventing the power storage device from 
excessive cheirging and excessive discharging to suppress 
degradation of the power storage device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG, 1 is a system configuration diagram showing a first 
embodiment of the invention. 

FIG. 2 is a block diagram showing a configuration of a 
controller in FIG. 1- 

FIG. 3 is a graph showing discharge power 
characteristics concerning battery charge amount versus 
temperature . 

FIG. 4 is a graph showing charge power characteristics 
concerning battery cheirge amount versus temperature. 

FIG. 5 is a graph showing characteristics of an engine 
power 1 (lower limit) with respect to a battery charge amount. 

FIG. 6 is a graph showing cheuracteristics of an engine 
power 2 (upper limit) with respect to a battery charge amount. 

FIG. 7 is a diagram showing a power distribution flow to 
be conducted by power distributing meeins. 

FIG. 8 is a diagram showdLng a latter sequence of the 
power distribution flow of FIG. 7. 

FIG. 9 is a diagram showing a response correction flow 
concerning an engine power. 

FIG. 10 is a system conf igvuration diagram showing a 
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second embodiment of the Invention. 

FIG. 11 Is a block diagram showing a configuration of a 
controller. 

BEST IK)DE FOR CARRYING OUT THE INVENTION 

First Embodiment (see FIGS. 1 through 9) 

The first embodiment shows a case using a battery as an 
electric power storage device I.e. a secondeury cell such as a 
lithium Ion cell. 

As shown In FIG. 1, a hydraulic pump 3, and a 
generator-motor 4 which Is a power machine functioning as a 
generator and an electric motor. Is connected In parallel to 
a engine 1 via a power divider 2 to be driven by the engine 1. 

The hydraulic piomp 3 is connected to unillustrated 
hydraulic actuators (e.g. In a power shovel, respective 
cylinders for a boom, an arm, and a bucket; a hydraulic motor 
for running) via control valves 5, which are hereinafter 
collectively shown although the control values are 
individually provided for the respective actuators. The 
hydraulic actuators 5u:e driven by hydraulic oil supplied from 
the hydraulic pump 3. FIG. 1 shows a case where the single 
hydraulic piomp 3 is connected to the engine 1, but there may 
be coiother case where plural hydraulic pumps are connected to 
the engine 1 in series or parallel. 

The generator-motor 4 is connected to a battery 7 as a 
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power storage device via an inverter 6 as power machine 
controlling means. 

The inverter 6 switches over the generator -motor 4 
between the generator function and the motor function, 
controls a power of the generator -motor 4 as a generator, a 
current or a torque of the generator-motor 4 as a motor, and 
controls charging coid discharging of the battery 7 in 
accordance with an output of the generator-motor 4 as the 
generator . 

The following information is inputted to a controller 8. 

i. a current of the battery 7 to be detected by an 
unillustrated current sensor. The amount of a power stored in 
the battery i.e. a battery charge amount is calculated by 
integration of the current - 

ii. a temperature of the battery 7 to be detected by 
cui unillustrated battery temperature sensor. 

iii. a pressure (discharge pressure) of the hydraulic 
pump 3, a discharge rate of the hydraulic pump 3, and a 
rotational speed of the hydraulic pump 3 (in this case, a 
rotational speed of the generator -motor 4 ) , which are 
parameters for obtaining a required actuator power. 

A configuration of the controller 8 is described in 
details referring to FIG. 2. 

The controller 8 includes: battery charge amount 
detecting meeuis 9 for detecting a charge amount of the 
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battery based on the detected battery current; battery 
temperature detecting means 10 for detecting a temperature of 
the battery; engine power setting means 11 for setting a 
power of the engine 1 In accordance with the detected battery 
charge amount and the detected battery temperature; battery 
power setting meams 12 for setting a power (required charge 
power and required discharge power) of the battery 7 In 
accordance with the detected battery charge amount and the 
detected battery temperature; required actuator power 
detecting means 13 for detecting a power required by the 
actuator based on the dlscheirge pressure, the discharge rate, 
and the rotational speed of the pump; and power distributing 
means 14 for determining power distribution between the 
engine 1 and the battery 7. 

The battery power setting means 12 predefines, as shown 
In FIGS. 3 and 4, the required charge power and the required 
discharge power corresponding to the battery charge amount In 
terms of state of charge (SOC) and the battery temperature In 
the form of a table; and selects the numerical values of the 
required charge power and the required discharge power 
corresponding to the detected battery charge amount and the 
detected battery temperature In the table, euid sets the 
values . 

The engine power setting means 11 predefines, as shown 
In FIGS, 5 and 6, a relation between the battery charge 
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amount and the engine power (the smaller the charge amount, 
the larger the engine power) in the form of a table. The 
engine power setting means 11 selects the value of the engine 
power corresponding to the detected battery charge amount in 
the table, emd sets the value. 

The value of the engine power to be set by the engine 
power setting means 11 is selected within a range covering a 
lower limit (battery power 1) shown in FIG. 5 cuid an upper 
limit (battery power 2) shown in FIG. 6, which is a range 
capable of rxinning the engine 1 with high perf ormcuice . 

The power distributing meeuis 14 determines power 
distribution between the engine 1 and the battery 7 based on 
the required actuator power, the required battery charge 
power, the required battexy discharge power, euid the engine 
power, which are obtained or set in the aforementioned manner. 
The power distribution flow is shown in FIGS. 7 and 8. 
Referring to FIGS. 7 and 8, respective symbols have the 
corresponding meanings as mentioned below. 
PWpws: required actuator power 
PWbc: required battery charge power (^0) 
PWbd: required battery discharge power (^0) 
PWegl: engine power 1 (lower limit of engine power) 
(^0) 

PWeg2: engine power 2 (upper limit of engine power) 
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(^0) 

PWegmax: maxxmum engine power (^0) 

PWeg: engine power 

PWb: battery power 
where PWegmax Is a constant defined by the perf ormcuice of the 
engine . 

In FIGS. 7 cind 8, " + " Indicates discharging of the 
battery 7, and Indicates charging thereof. 

First, In Step SI of FIG. 7, required actuator power 
PWpws Is compared with engine power lower limit PWegl . If 
required actuator power PWpws Is smaller than engine power 
lower limit PWegl (YES In Step SI), It Is determined that 
engine power PWeg = engine power lower limit PWegl, and 
battery power PWb = required actuator power PWpws - engine 
power PWeg In Step S2. 

If battery power PWb < required battery charge power 
PWbc, In other words. If battery power over the charging 
performance of the battery Is set. It Is determined that 
battery power PWb = required battery charge power PWbc, and 
engine power PWeg = required actuator power PWpws - battery 
power PWb { Steps S3 and S4 ) . 

If engine power < 0, It Is determined that engine power 
= 0 (Steps S5 and S6). 

If the Judgment result In SI Is negative, ctnd If engine 
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power 1 ^ required actuator power PWpws < engine power 2, In 
other words. If the required actuator power lies In the range 
from the engine power 1 to the engine power 2 (YES In Step 
S7 ) , It Is determined that engine power PWeg = required 
actuator power PWpws, and battery power PWb = 0 . In other 
words, the distribution Is set so that all of the required 
actuator power Is supplied by only the engine 1 ( Step S8 ) . 

Referring to Step S9 In FIG, 8, If It Is judged that 
engine power 2 ^ required actuator power < (engine power 2 + 
required battery discharge power). In other words, the 
required actuator power Is judged to lie In the range from 
the engine power 2 to the sum of the engine power 2 and the 
required battery dlscheirge power. It Is determined that 
engine power PWeg = engine power 2 PWeg2, and battery power 
PWb = required actuator power PWpws - engine power PWeg In 
Step SIO. In this case, the engine 1 supplies only the engine 
power 2, emd the battery 7 supplies the rest of the power. 

On the other hand. If It Is judged that (engine power 2 
PWeg2 + required battery dlschcirge power PWbd) ^ required 
actuator power PWpws < (maximum engine power PWegmax + 
required battery discharge power PWbd) In Step Sll, In other 
words, the required actuator power Is judged to lie In the 
range from the sum of the engine power 2 and the required 
battery discharge power to the sum of the maximum engine 
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power and the required battery discharge power. It Is 
determined that battery power PWb = reqpilred battery 
discharge power PWbd, and engine power PWeg = required 
actuator power PWpws - battery power PWb In Step S12. In this 
case, the battery 7 supplies only the required battery 
discharge power, and the engine 1 supplied the rest of the 
power Is powered by the engine 1. 

Further, If (maximum engine power PWegmax + required 
battery discharge power PWbd) ^ required actuator power PWpws 
(NO In Step Sll), In other words. If the required actuator 
power exceeds the sum of the performance of the engine 1 cuid 
the performance of the battery 7, It Is determined that 
battery power PWb = required battery discharge power PWbd, 
and engine power PWeg = maximum engine power Pwegmeuc (Step 
S13) . 

The engine power PWeg has dynamic characteristics which 
cause response delay to a rapid power cheuige. In view of this, 
when an amount of change In the engine power set by the 
engine power setting means exceeds a predetermined value, the 
power distribution flow executes a correction process with 
use of a low-pass filter or an equivalent device as shown In 
FIG. 9, to calculate such a corrective engine power PWeg' as 
brings rise of an output signal from the engine with the 
dynamic characteristics of the engine, for Instance, 
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Increases the engine output stepwise. 

Also, a corrective battery power PWb' Is calculated 
based on the corrective engine power PWeg' by Implementing 
the equation: 

PWb' = PWpws - PWeg' 

If the corrective battery power PWb' Is smaller than 
the required battery charge power PWbc, the following 
equation Is determined. 

PWb' = PWbc 

On the other hand. If the corrective battery power PWb' 
Is larger than the required battery dlscheirge power PWbd, the 
following equation Is detennlned. 

PWb' = PWbd 

In this case, the engine power Is re-calculated by 
Implementing the equation : PWeg ' = PWpws - PWb ' • 

Further, the power of the generator-motor 4 Is 
calculated based on the power distribution by Implementing 
the following equations: 

PWmg = PWpws - PWeg 

where PWmg Is a power of the generator. 
Tqmg = PWpws /comg 

where Tqmg Is a torque of the generator-motor 4 as a 
generator, and comg Is an angulcur velocity of the generator- 
motor 4, which Is obtained based on the rotational speed of 
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the generator-motor 4. 

The thus -obtained generator torque is sent from the 
power distributing means 14 to the inverter 6 in FIG. 1, as a 
generator torque command, based on which the generator-motor 
4 is controlled to attain an output torque as requested by 
the command. 

The charge power and the discharge power of the battery 
7, and the engine power are set in accordance with the chsirge 
amount of the battery 7 by the above control. Based on the 
values of the powers and the required actuator power, power 
distribution between the engine 1 and the power machine 4 is 
performed. This allows for maintaining the charge cimount of 
the battery 7 in a predetermined range, i.e. a range capable 
of securing effective use of the battery perf ormaoice, and 
preventing the battery 7 from excessive charging euid 
excessive discharging to suppress degradation of the battery 
7. 

Also, the setting of the charge emd discharge powers in 
accordance with the temperature of the battery 7 enables to 
set the charge euid discharge powers to optimvmi values in 
accordcince with the battery temperature. 

Further, the engine power setting means 11 defines the 
lower limit (PWegl) and the upper limit (PWeg2) of the engine 
power, and sets the engine power in accordance with the 
charge amount of the battery 7 within the range covering the 
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lower limit and the upper limit. This range can be set to a 
range capable of running the engine with high performance to 
thereby enhance the running performance of the engine 1. 

Furthermore, the power distributing means 14 
correctively sets the engine power so that the engine power 
Is varied In accordance with the dynamic characteristic of 
the engine. This allows for prevention of decrease In the 
rotational speed of the engine or engine failure resulting 
from sharp Increase of the engine load. 

The above features of the embodiment enable to control 
the charge amount of the battery 7 while securing high 
running performance of the engine 1 so as to efficiently 
utilize the performance of a power source of a hybrid system. 

Second Embodiment (see FIGS. 10 and 11) 

The second embodiment uses a capacitor 15 as a power 
storage device. 

The basic system configuration of the power storage 
device In the second embodiment Is substantially the same as 
that In the first embodiment except for the following. 

(a) the capacitor 15 Is used In place of the battery 7 
In FIG. 1. 

(b) a converter 16 Is provided as a controlling device 
for the capacitor 15. 

(c) a voltage sensor 17 Is provided on a direct - 
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current (DC) circuit connecting an inverter 6 emd the 
converter 16 to detect a DC voltage. 

A controller 18 in the second embodiment is different 
from the controller 8 in the first embodiment (FIGS. 1 and 2) 
in only that DC voltage controlling means 19 is added to the 
controller 18 as shown in FIG. 11. Capacitor charge amount 
detecting means 20, capacitor temperature detecting means 21, 
emd capacitor power setting means 22 in FIG. 11 respectively 
correspond to the battery charge amount detecting means 9, 
the battery temperature detecting means 10, and the battery 
power setting means 12 in FIG. 2. 

Operations of the second embodiment are basically the 
same as those of the first embodiment. Specifically, the 
capacitor power setting mecuis 22 sets charge and discharge 
chcuracteristics of the capacitor in a similcir manner as shown 
in FIGS. 3 and 4 in accordance with the charge amount and the 
temperature of the capacitor 15. Engine power setting meeuis 
11 sets a power of an engine 1 in a similar manner as shown 
in FIGS. 5 and 6. 

Power distributing means 14 performs power distribution 
between the engine 1 and the capacitor 15 according to a 
power distribution flow similcu: to the power distribution 
flow of FIGS. 7 and 8. 

The DC voltage controlling means 19 outputs a current 
command to the converter 16 so that a DC voltage in the DC 

- 16 - 



P1571US 



circuit connecting the inverter 6 and the converter 16 is set 
constant by feedback control of the DC voltage. 

The second embodiment enables to obtain a simileur 
effect as the first embodiment, namely, to maintain the 
charge amount of the capacitor 15 in a predetermined range 
while running the engine 1 with high performance. 

Though the foregoing embodiments use the generator- 
motor 4 which is cm integral combination of a generator and 
an electric motor, a generator and an electric motor may be 
provided individually. 

Though the foregoing embodiments detect both the charge 
amount and the temperature of the power storage device i.e. 
the battery or the capacitor, only a charge amount of the 
power storage device may be detected. Further, detection of 
both a charge amount and a temperature of the power storage 
device, and detection of the charge amount thereof may be 
switched over. 

As the power storage device, a combined use of the 
battery and the capacitor is permitted. 

As mentioned above, an aspect of the invention is 
directed to setting a charge power and a discharge power of 
an electric power storage device, cmd a power of an engine in 
accordance with the charge amount of the power storage device 
to perform power distribution between the engine and a power 
machine based on the charge and discharge powers, the engine 
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power, and a required actuator power. 

In the invention of claim 2, the required actuator 
power Is obtained based on a discharge pressure, a discharge 
rate, cind a rotational speed of a hydraulic pump. 

In the Invention of claim 3, the charge power and the 
discharge power of the power storage device are set In such a 
way that a lowered temperature of the power storage device 
decreases the charge power and the dlschcirge power of the 
power storage device. This allows for setting of the charge 
and discharge powers to values suitable for the temperature 
of the power storage device. 

In the Invention of claim 4, an upper limit and a lower 
limit of the power of the engine are defined and the power of 
the engine Is set In a rcinge covering the lower limit and the 
upper limit. This allows for setting of the engine power 
range In a rauige capable of running the engine with high 
performance, which enheuices the running performance of the 
engine . 

The Invention of claim 5 Is directed to correcting the 
value of the engine power so that the engine power Is varied 
In accordance with dynamic characteristics of the engine. 
This allows for prevention of decrease In the rotational 
speed of the engine or engine failure resulting from sharp 
Increase of the engine load. 
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EXPLOITATION IN INDUSTRY 

The Invention Is useful In maintaining the charge amount 
of the power storage device for hybrid working machines In an 
adequate range. 
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